Description 



DUAL STAGE VOLTAGE REGULATION CIRCUIT 

TECHNICAL FIELD 

The invention relates to voltage regulation 
-rcuits and, in particular, to a voltage regulator for 
an integrated circuit charge pump. 

BACKGROUND ART 

Voltage regulators for integrated circuits 
provide constant voltages to loads where the constant 
voltages are less than that of a common voltage 
typically derived from a battery or other power supply 
termed V cc . Ordinarily the constant voltage, adjusted by 
voltage dropping circuits or resistors, is sufficient for 
most chip needs, except when much higher voltages are 
required, such as for programming EE PROM memory chips 
where the programming voltage, V pp , can be many times v 
in this situation a charge pump is used to boost V to" 
the V pp level. 

There are two major types of voltage 
regulators. A first type employs voltage sampling and 
comparison to a reference voltage. This type is commonly 
known as a feedback voltage regulator. A second type 
merely employs the reference voltage as part of a power 
supply circuit without comparison. 

It has been realized in the prior art that a 
bandgap circuit is a useful tool for establishing the 
reference voltage, less than the power supply voltage V 
The bandgap circuit is combined with other circuit 
elements to derive desired regulated voltages. A bandgap 
voltage reference circuit relies on the basic physics of 
semiconductor materials to reliably establish a 
particular voltage. For example, in transistors, the 
bandgap voltage is closely related to a characteristic 
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The first regulator stage is very accurate and 
fine, but is inherently slow because of the feedback 
around the comparator and through the resistor network. 
This stage is used for low current devices, as well as 
5 low noise devices and low voltage analog circuits. The 
second regulator stage is not as accurate, not having a 
feedback loop, but can rapidly supply large amounts of 
current because the second stage is connected directly to 
the supply voltage through the second current driver. 

10 Each of the two stages employs a current 

driver, i.e. a transistor connected to the common voltage 
supply. A number of parallel current drivers may 
optionally be arranged at multiple needed locations on a 
chip, while the comparator, divider resistors, and 

15 reference voltage circuit can be optionally located at a 
single fixed location. 

For example, in a charge pump, a number of 
high-current carrying clock boosters, connected in 
parallel through switches, serve to boost charge over 

20 connected capacitors. Clock circuits are used to flip 

switch states. A path leads from the switches and clock 
circuits back to the resistor divider network which 
assists in maintaining circuit stability. 

2 5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit plan for a voltage 
regulator in accordance with the present invention. 

Fig. 2 is a circuit plan for an ideal charge 
pump employing a voltage regulator shown in Fig. 1. 
30 Fig. 3 is a schematic diagram of a typical 

clock booster circuit used in the circuit plan of Fig. 2. 

Fig. 4 is a plot of V cc on the vertical axis 
versus time on the horizontal axis for a dual stage 
regulator of Fig. 1 versus a single stage regulator of 
35 the prior art. 
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comparator, the transistor 23 will continue to source 
current to circuits 43. If the voltage on line 39 
exceeds the bandgap voltage on line 15, the comparator 
will momentarily be shut down or reverse polarity, 
5 essentially throttling transistor 23, lessening the 
current available in the low current circuits 43 . 
However, although current is throttled, voltage on line 
35 remains constant. 

The external voltage available at terminal 25 

10 is the same voltage available at terminal 11 and is also 
available to the native PMOS transistor 47 along line 49. 
The internal reference voltage along 35 is transferred to 
line 45 connected to the gate of transistor 47, and 
establishes conduction for the transistor 47 which 

15 preferably has a conduction threshold of approximately 
zero volts. The output of transistor 47 is taken along 
line 51 and is another internal reference voltage feeding 
the high current and noisy low voltage circuits 53 . 
Transistor 47 feeds a load 53 directly and can be scaled 

20 to handle sufficient current for the load. Alternatively, 
parallel transistors, constructed identically to 
transistor 47 can feed similar loads at other locations 
on an integrated circuit chip. 

It is seen that the regulator circuit feeding 

25 load 43 has feedback associated with comparator 17 

through the resistor divider network employing resistors 
31 and 33, with an output taken from between resistors 31 
and 33 along line 39. The feedback loop has an inherent 
delay and so there is inherent stability. Even if 

30 comparator 17 is momentarily shut down or has its 

polarity reversed, some conduction will still occur 
through transistor 23 and collective feedback will 
establish the proper internal supply voltage. On the 
other hand, high current devices associated with load 53 

35 do not require a precision reference voltage and so the 
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of transistor 105, allowing oscillator 77 to strongly 
influence the phase of the high current output pulses at 
terminal 103. A number of similar circuits is connected 
to each switch in Fig. 2. 
5 The clocking circuits apply alternate phases to 

switches 71, 73, 75, 77. In this manner, the high 
current, high noise, large capacitors receive a current 
supply whose voltage is only lightly regulated. On the 
other hand, the clock circuits employing CMOS 

10 transistors, receive a low current supply whose voltage 
is tightly regulated in a feedback loop. 

With regard to Fig. 4, the "A" plot shows a 
plot of the internal V cc int for a typical dual stage 
voltage regulator in accordance with the present 

15 invention. Note that the voltage ripple is rapidly 

attenuated from the initial charging of the capacitors. 
On the other hand, the "B" plot represents a typical 
single stage regulator outputting V cc without dual stage 
feedback. There is a large initial oscillation of V cc __ int 

2 0 as large capacitors are charged, slowly attenuated as 

charging is completed, until switches are closed and the 
process repeats. The superiority of the dual stage 
regulator is apparent. 



25 
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